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Which Came First, 
The Chicken or the Egg? 


ANY cracker box philos- 


ophers have wrangled this 





* deep question with no 


solution— 


Here’s another one 


Which came first—the lubricating 
oil or the machine that uses it. 


The answer is—it depends. 


In the old hit or miss days of 
lubrication, a machine was erected, 
and then there was a= scurrying 
around to find an oil that would 
work on it. 


Unfortunately some of this prim- 
itive practice exists today. 


But on account of the evolution 
of Lubrication Engineering the old 
Way is passing (and with due mod- 
esty we say this) largely through 
the example set by the alert body of 
men who comprise the staff of Tex- 


aco Lubrication Engineers. 


You may be interested to know 
that often—very often we cooperate 
with equipment or machine builders, 
while the children of their brains 
are still in the blue-print stage. 


We give them scientific advice. 
We tell them the right grade of 


Texaco Lubricating Oil to use— 
even before the unit is built. 


Our collective experience enables 
us to do this. We do not have to 
wait till the machine is in use—and 
then by “trial and error” find some- 
thing that will work. 


We know in advance. 


And so, when we take over the 
lubrication of a plant or factory, we 
do not have to fiddle around, 

From the very first we give vou 
the proper lubricant, in the right 
amount, for every bearing, gear or 
mechanism—prime movers, auxil- 


laries or machines. 


And to the man who is buying or 
installing a new type of unit, we say: 
Do not worry or experiment with 
lubricants—Call on Texaco. It is 
possible—or better, certain-—that 
we've been all through it—and can 
tell vou just what to use. 

There is a Texaco Lubricant for 
every purpose; and Texaco Lubrica- 
tion Service will tell you accurately 
what kind and what amount to use. 

Texaco Delivery Service will get 


the oils to you on time 


We can ship instantly train-load 
or five-gallon can. 


THE TEXAS COMPANY 


A Texaco Petroleum Products Cc 


Dept. H, 17 Battery Place, 


New York 


New York City 


Chicago Houston 
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Lubrication of the Uniflow Engine 


RECIPROCATING engine witha water lease, the greater will be the theoretical 

rate when operating either condensing — thermal efficiency. The maximum range in the 

or non-condensing lower than that of a counterflow engine is greatly limited by cylin- 
turbine of equivalent power up to 500 K. W.— der condensation and valve leakage; which 
a reciprocating engine which has a very much — losses greatly offset the gain caused by in- 
flattened water rate curve over wide load creased pressure range. Other factors which 
ranges, making it particularly adapted to vary- — influence the maximum range are the type and 
ing loads!) We speak of the uniflow engine. — size of the engine, the number of cylinders and 
Besides these advantages we may add those of: the design of the valve gear. 
1. Simplicity of design and operation; 2. Sav- The application of the uniflow principle 
ing of floor space accomplished through maxi- has for its object the elimination of one of the 
mum pressure range between admission and causes of the great losses in the reciprocating 
release in ™ single cylinder, and 3. The possi- engine, namely, initial condensation. With the 
bility of high rotative speed through proper  yniflow engine, the steam after passing through 
design. A specific example of remarkable steam 
consumption is shown in the results of a test on 
a 350 H. P. unit using 165 lbs. of steam with 


165° superheat, operating at 150 R. P. M. at 


steam jacketed heads, enters the cylinders at 
the ends, and, after cut-off and expansion 
have taken place, the steam is exhausted 
through ports arranged around the center of 


25” vacuum. The size of the cylinder was lind hicl 1 by tl 

c P. v1 ° ° 2 CY rl Ww . Si > -“Overe y > 
23” x 30”. This unit showed a water rate of the i anneaprsedhsiaiad-eumagaleaa mea dion 
8.9 Ibs. per I. H. P piston at theend of thestroke. Thesteam has, 


Uniflow Principles consequently, a flow in but one direction; hence 


atlas ' _ e derivation of the phrase “‘uni-directiona 
Let us examine the operating principles of the d _— ! 


the uniflow and see wherein they differ prin- flow. 
cipally from those of the counterflow engine, In the counterflow engine, the steam re- 


so that the economy to which we have referred turns on its path at the end of the stroke and 
is realized. is exhausted from the same end of the cylinder 

In any reciprocating unit, the greater the at which it entered. In this operation the 
pressure range between admission and re- comparatively cool expanded steam of con- 
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siderable volume washes the cylinder walls 
and head during 50% to 75°% of the return 
stroke, thereby cooling them to such an ex- 
tent that the boiler steam, when it is again 
admitted, is cooled or condensed by coming 
in contact with the head and clearance spaces 
of the cylinder which have just been cooled 
by this expanded steam. 

It is this cooling effect that causes what is 
termed This 
most entirely eliminated in the uniflow engine 
as the ends where the steam enters are kept 


“initial condensation.” is al- 


hot and the center or exhaust belt is com- 
paratively cool. In order to reduce this loss 
by condensation, in the counterflow engine 
successive stages are resorted to, as in the 


By 


avoiding the cooling of all clearance surfaces, 


compound and triple expansion engines. 


it is possible in the design of the uniflow cylin- 
der, to obtain in a single cylinder as much 
expansion, with as good or better economy, as 


‘ 
c 


can be obtained in any compound or triple 


oy) 


expansion engine. 
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Courtesy of Skinner Engine Co. 


Fig. 1 


a. Head End: Admission on dead center. Frame End: Ex- 
haust through central exhaust ports. 

b. Head End: Full opening of valve. Frame End: Exhaust 
through central exhaust ports about to close 


ce. Head End: Closing of admission valve and beginning of 
expansion. Frame End: Commencement of compression caused 
by piston covering central exhaust ports. In case engine is run 


ning non-condensing, lower left-hand auxiliary exhaust valve 
opens so that compression does not start until the piston ha 
passed this point. 


d. Head End: Continuation of Expansion. Frame End: 
Continuation of compression 
e. Head End: Beginning of exhaust through central exhaust 
3254 ports. Frame End: Continuation of compression. 
/ f. Indicator Card of engine when operating condensing. 
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In Europe practically every steam plant 


operates condensing. Under these circum- 
stances, compression in the uniflow is made to 
begin as soon as the piston covers the central 
exhaust on the return stroke. Compression 
takes place therefore during 90°% of the stroke, 
which, even with small clearances, does not 
cause it to mount above the boiler pressure 
as long as the engine is operated with a fairly 
good If the should — be 
operated non-condensing, however, on = ac- 
count of the fact that the steam remaining 


in the cylinder is at atmospheric pressure 


vacuum. engine 


instead of under vacuum, the compression 
would become so excessive as to be detri- 
mental to the engine, unless large clearances 
were employed. In order to prevent this rise 
in compression, either when running non- 
condensing or in case the vacuum should for 
any reason fail, the builders delay the com- 
pression by means of auxiliary exhaust valves 


placed at approximately half of the stroke. 
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The action is illustrated in Fig. I-c. Also 
by the use of snifting or relief valves the 


cylinders are relieved of excessive Compression, 
as some of the compressed steam is forced 
into clearance pockets or back into the line. 
It is obvious that to maintain pure uniflow 
operating principles, the clearance should be 
a minimum so that the least possible heated 
area is washed and consequently cooled by the 











ink and Floating Pistor 


Side ( 


expanded steam when operating non-con- 


densing. 
the 


design and action of various types of uniflow 


The accompanying illustrations show 


engines. Fig. 1 with its caption indicates the 
difference in action when operating condensing 
The illus- 
trations of these engines with floating pistons, 
Figs. 2 and 3, bring out the fact that the float- 


and when operating non-condensing. 
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Fig. 3. 
packing is supplied by a six-feed mechanically operated lubricator. 
oe crankpin, cross-head, main bearing, etc., are connected to a central oiling system consisting of an overhead supply tank, with 
a fi ter in the basement to which the oil from the points lubricated drains. A gear pump conveys the oil from the filter to the overhead 
tank. Lower left-hand auxiliary exhaust valve exists at both ends of the cylinder. 








Courtesy of Nordberg Manufacturing Co. 


Cross-section view of typical Uniflow Engine with floating piston. The oil used in the cylinder and piston rod metallic 
Phe lay-shaft and outboard bearings are of ring oiling type. The 
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ing piston is usually recommended for the 
larger units, because when using a large pis- 
ton, scale or other foreign matter, getting 
under the piston does not have an oppor- 
tunity of renipving itself as it would with a 
shorter piston. This reasoning applies also to 
particles of iron getting under the pistons 
due to lack of lubrication. 
turers do not feel that tail rods are necessary 


Uniflow manufac- 


for small or medium sized units. 

Due to the extraordinary length of the uni- 
flow cylinder and to the necessity of preventing 
valve leakage in order to secure economy, 
the poppet valve is used on nearly all types of 
uniflow engines. Where the Corliss valve is 
used, it must be of special design to insure 
the necessary tightness. At present the uni- 
flow engine finds its largest field of service in 
requirements up to 500 H. P., but it has been 
economically used in units up to 2,000 H. P. 
However, although wonderful economy has 
been shown by careful attention to details 
in design, the designer and operator who look 
for continued success of the uniflow must give 
that 
neglected, will offset much of the good results 


due consideration to factor which, if 
already accomplished. We refer to lubrica- 
tion. yh is manifest that a realization of the 
proper economy is impossible without due 
attention to this item. The importance of the 
losses which may occur through varying de- 
grees of lubrication is fully realized when it is 
considered that "when this type of engine is 
contemplated for various industrial conditions, 
it enters the closest kind of competition. 


External Lubrication 


The same general principles which are ap- 
plicable to bearings and slides of other types 
of equipment hold for the uniflow and in a 
discussion of this subject should be given 
This matter was dis- 
1921 


complete consideration. 


cussed in the December issue of 
LUBRICATION. 

One rule or law which must be given es- 
pecial attention by operators and designers, 
can be stated as follows: The lowest fric- 
tional losses are encountered in that bearing 


which when perfectly lubricated uses a prop- 
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erly refined oil of lowest viscosity. The selec- 
tion of the proper oil depends on several factors 
which will now be considered. 

Where units are placed so that air circulation 
is bad and atmospheric temperatures above 
normal, an oil must be selected which has a 
viscosity at test temperatures proportionally 
higher than would normally be used, so that 
at working temperatures the lubricant will 
maintain the same viscosity and fluid friction 
as would be proper under normal conditions. 

Generally speaking, the larger the clearances 
per unit of diameter beyond the practical 
minimum, the more viscous must be the lubri- 
cant required for the maintenance of an un- 
broken oil film. fitted 
proven 


Clearances must be 


and maintained in accordance with 
best practice. 

With perfect lubrication where only fluid fric- 
tion exists, the bearing parts do not touch the 
journals or slides, being completely separated by 
the oil film. In this case the frictional losses 
are directly due to the internal friction of the 
lubricant and are entirely independent of the 


With solid fric- 


tion, the loss is greatly dependent upon the 


bearing metal and its finish. 
S 


smoothness and metal composition of the sur- 
faces. As contingencies may arise which bring 
the bearings under the laws of semi-lubrication 
or even solid friction, a high finish and the 
proper selection of the metals is highly desir- 
able. 

Bearing misalignment causes an increased 
pressure to bear on some parts or in a particular 
place, necessitating a heavier oil in order to 
The 


importance of proper alignment needs no ex- 


minimize the chance of metal contact. 


planation. 

In considering the practice of applying the 
lubricant and particularly in the case of oils 
which are returned to the bearings, it should 
be borne in mind that when there is no con- 
tamination with lighter blending liquids, the 
ry. 
rhe 


oil in any system should be renewed when it 


lubricant increases in viscosity with use. 


becomes evident through increased frictional 
temperatures that it is becoming unfit for use 
on account of increased viscosity or a gradual 
breaking down. 


[16] 
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In hearing design, pressures are of first con- 
sideration. At equal speeds for the same bear- 
ing metals and identical surface conditions, the 
greater the pressure per unit of area, the heav- 
ier the oil must be to successfully resist being 
squeezed from the bearing. For strictly fluid 
friction, which of course we seek to attain, 
under ordinary pressures the frictional resis- 
tance is practically independent of the pressure 
between the surfaces. Heavier pressures re- 
quire more viscous oils, and fluid friction in- 
creases with viscosity. There is, therefore, a 
happy medium in bearing design, as it will be 
noted that excessive pressures mean excessive 
fluid frictional loss on account of the necessity 
of using more viscous oils, while if the design 
is such that unit pressures are below normal 
this usually means an excessive size of bearing 
surfaces, again resulting in high fluid frictional 


losses. 








Courtesy of Nordberg Manufacturing ¢ 
Fig. 4.—Section through valve gear. Attention is called to auxiliary 
exhaust valve which can be thrown into operation if the engine is wor 
ing non-condensing. The lower cams of this valve operate ina bath of 


engine oil 


The question of speed is most important in 
discussing the selection of the bearing lubri- 
cant. The higher the speed of the bearing, the 
higher the pressure which will be built up in the 
oil film and consequent resistance to breaking 
of the film. This increased pressure is due to 
the pumping action aided by the adhesiveness 
of the lubricant to the bearing surfaces. This 
means that as speeds increase oils of less vis- 
cosity can be used and still have no metallic 
contact. Lubricants should be introduced into 
the bearings at the point of minimum bearing 
pressure. 


Friction losses vary greatly with the method 
of application. Stream lubrication with posi- 
tive feed, adequate oil supply, and efficient 
oil purification, in which it is possible to keep 
the system free from leaks and other major 
losses, are recommended above all other 
methods. If all these features are not present 
the system, generally speaking, will show 
some loss of effectiveness in its lubrication. 
With satisfactory stream lubrication, the main 
advantages to be expected are: Longer life 
of bearings due to small or no solid friction, 
possibility of using oil of lowest viscosity, 
increased life of oil through decreased abuse 
and lower oil temperatures, decreased vibration 
thereby lessening depreciation, and a saving 
in the labor of attention. Individual systems 
are satisfactory if the oil supply is copious 
and a means of continually cleaning the oil is 
provided. Ring oiling is definite enough but 
lacks the oil cleaning feature. The prime 
virtue of the splash system lies in its simplicity 
but the fact that the supply is not positive and 
the lubricant unpurified is claimed to detract 
from its value. Hand feed and drip cups 
require heavier oils, also maximum labor of 
attention. They make the oil supply uncer- 
tain, are wasteful of oil and lack the advan- 
tages gained where a copious oil supply would 
carry away the frictional heat of the bearings. 


Selection of Engine Oil 


Specific recommendations to cover the whole 
field of uniflow engines obviously cannot be 
made; but in general it can be said that the 
first consideration is that the oil must be well 
refined and of the proper viscosity. For hand 
and drip feeds, oils of 300” to 500” Saybolt 
viscosity at 100° F. are found satisfactory. 
For stream lubrication, oils having a viscosity 
of 150” to 200” Saybolt at 100° F. should serve 
well. The oil should be particularly free from 
emulsifying tendencies if the presence of water 
in the oil is a possibility. Specifications of 
flash point and fire point are absolutely worth- 
less in measuring lubricating value. Pour 
test specifications are very rarely of value in 
this service as the oils are seldom exposed to 
very low temperatures. Gravity may indi- 
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cate to a slight degree the ability of the oil to 
separate from water but when considering this 
action the emulsion test results are more im- 
portant by far than the gravity indication. 

For other methods of application, the selec- 
tion of the proper lubricant will be dependent 
upon the varying conditions of design and 
operation but the specifications will lie be- 
tween the extremes named in the above para- 
graph. 


The Uniflow Valves and Cylinders 


In the June 1921 number of LUBRICATION 
there appeared a comprehensive article on 
general cylinder lubrication. It is therefore 
our object to discuss here only those features 
peculiar to the uniflow engine. 

In analyzing uniflow engine cylinder lubri- 
ration there are factors which deserve our at- 
tention as being uncommon and _ generally 
non-existent in the counterflow. These fac- 
tors involve length of cylinder, weight of pis- 
ton, steam conditions, piston clearances and 
bearing pressures, steam jacketing, oil dis- 
tribution, results of excessive consumption, 
rod and packing lubrication. The cylinders 
of uniflow engines are longer than those of the 


counterflow of the same stroke. This is due 





Courtesy of Ames Iron Works 


Fig. 5.—Section of typical auxiliary by-pass valve. This valve oper- 
ates automatically by means of the vacuum in the exhaust belt. If the 
vacuum is broken or the engine is running non-condensing, the valve 
automatically is opened. 
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to the fact that the piston is only shorter than 
the stroke by the amount of travel necessary 
to uncover the exhaust ports at the end of the 
stroke. The unusual length of the cylinder 
gives increased areas wiped by the piston, 
that 
This also 


thus demanding an_ oil spreads  con- 
£ ] 


sistently and well. results in in- 
creased oil consumption over that of the ecoun- 
terflow of equal bore and stroke, operating 
under identical steam conditions. 

The increased length of the piston as de- 
scribed in the preceding paragraph brings atten- 
tion to its increased weight, which is consider- 
able in spite of designs to make it a minimum. 
The usual uniflow piston incorporates from four 
to six piston rings. Ordinarily, in the smaller 
sizes, the piston rides on the cylinder walls, 
which design gives a bearing pressure of four 
to six pounds per square inch of projected area. 
This, of course, does not produce a difficult con- 
dition to lubricate. If, however, a contingency 
should arise whereby the weight of the piston 
is carried on the rings, the pressure between 
the rings and the cylinder walls increases abnor- 
mally. This produces a difficult condition to 
lubricate inasmuch as the metals used in manu- 
facture do not permit of high running bearing 
Theoretically, trouble will be ex- 
this 100 
pounds per square inch with a piston surface 


pressures. 


perienced when pressure exceeds 
speed of 200 feet per minute and when using an 
With 


lower speeds, there will be trouble before this 


oil which is ordinarily of proper grade. 


pressure is reached. 

Considering the selection of the oil from the 
standpoint of steam pressures, temperatures 
and quality, it will be noted that a heavier oil, 
with compounding, will have to be selected for 
the uniflow than for the counterflow operating 
with similar steam conditions. The increased 
viscosity is necessary since continued high tem- 
peratures prevail in the uniflow at the ends of 
the cylinder, while corresponding parts of the 
counterflow are cooled by the washing of the 
exhaust steam. As the expanded steam passes 
out of the center in the uniflow and all of the 
expansion takes place in one cylinder, the cyl- 
inder walls at the middle of the cylinder are 
This 


necessitates sufficient compounding to satisfy 


continually washed by the wet steam. 
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this condition in order to get proper lubrication, 
but the compounding should be kept at a mini- 
mum consistent with good practice for two 
reasons: First: when the animal oil used for 
compounding is exposed to the high tempera- 
tures at the ends of the evlinder, there is a ten- 
dency to form acids through decomposition, 
and there is a possibility of the acids attacking 
the cylinder wall finish. Second: where the 
condensate is returned to the boilers or used 
for ice making or in a heating system, the diffi- 
culty of oil separation from the exhaust steam 
is proportionately increased with increase of 
compounding percentages. There is, therefore, 
a correct amount of compounding suitable for 
each operating condition, but in general this 
amount does not exceed 8°; for the best lubri- 
cating results, even with a large percentage of 
Due to the 
maintained high temperature in parts of the 


moisture in the throttle steam. 


cylinder there exists a condition conducive to 
carbonization of excessive or poorly refined oil 
so that the ability of the oil to withstand car- 
bonization at the working temperatures must 
be well considered in selecting the oil. 

Proper running clearances between the pis- 
ton and the eylinder walls can not generally 
he discussed, depending as they do upon local 


conditions as found in each individual installa- 





¢ Iron Works 


Courtesy of Ame 


_ Fig. 6.—Section through admission valve. This valve is lifted from 
its seat by means of a roller which comes in contact with the lifting cam. 


The valve is closed by means of a spring in the top of the bonnet. 


tion. Where uniflow cylinders are bored to 
the same diameter throughout when cold, the 
difference in temperature between the parts of 
the cylinder when hot causes varying running 
clearances at different parts of the stroke. In 
some units, this expansion is compensated for 
by boring the cylinder when cold to diameters 
that will bring the cylinder to a uniform bore 
under running temperatures. This greatly 
simplifies the discussion of clearances. How- 
ever, when the clearances vary due to unequal 
expansion and the oil fulfills the function of 
preventing steam flow past the rings, it must 
be viscous enough to meet the hardest condi- 
at the point of highest pressure and 
that 
where boring does not compensate for the irreg- 


tion, 7.¢., 
maximum temperature. It is evident 
ularities of expansion, the uniflow conditions 
require the use of an oil of heavy body. 

As previously stated, to maintain high tem- 
peratures at the admission ends, these parts are 
steam jacketed, the general practice being to 
use throttle steam, the steam passing from the 
jackets through the valves to the cylinder. 
This causes a condition which makes it imprac- 
tical to introduce the oil into the steam line 
by atomization methods as the jackets act as 
separators, removing the oil in varying degrees 
from the steam before it gets to the cylinder. 
It therefore becomes necessary to introduce the 
oil directly into the cylinder, depending upon 
the piston to smear the oil over the cylinder 
walls, the extent of smearing, of course, depend- 
ing upon the number and location of the points 
of introduction of the oil. This condition makes 
the use of a heavy oil necessary, especially if 
the number of feeds is small. 

In considering the 
location of the points of introduction of the 


proper number and 


oil to the cylinder, it may be said that while 


will with different installations, 


that plan whereby the distribution of the 


these vary 


oil is most efficient is the best. The mini- 
mum number of distribution points is ob- 
tained with only two feeds, one at each end 
at the the 
efficiency, however, will 
the 
proved results can be obtained by locating 


Distribution 
the 
im- 


top of cylinder. 


increase with 


increase in number of feeds, and 


these top feeds near the central exhaust belt. 
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Fig. 7. 
on the engine frame. 
piston. The other feed leads to the throttle valves and stems. 
above the engine. 
crankpit, from which it is pumped to the filter. 


impurities. 


Section through typical Uniflow Engine. 


Increased number of feeds does not necessarily 
On the 


con- 


mean increased overall consumption. 
other hand, it 
sumption as a result of better distribution. 


should mean decreased 


Satisfactory lubrication should be secured 
on any unit with six cylinder feeds, one at 


each mid stroke position at the top of the cylin- 
der with the others lying below them in the 
same vertical plane at a point from 90° to 120° 
from the top. Feeding cylinder oil to the walls 
through the piston and piston rod is a method 
suggested but not yet adopted. This should 
give satisfaction if properly developed. 

Again, due to the high temperatures main- 
tained at the ends of the cylinder, conditions 
are conducive to carbonization of the oil re- 
maining on these parts for extended periods. 
Increased carbon deposits can therefore be ex- 
pected with excessive increases in oil con- 
sumption. Consumption in the uniflow should 
therefore be limited to the minimum even more 
than in the counterflow where the 
are and 


closely 
cylinder walls alternately heated 
cooled. 

A separate feed receiving the necessary at- 
tention to insure constant supply should be 
fitted for the piston rod and rod packing at 
the stuffing box, as it is possible to get unusual 
running conditions here by unequal expansion, 


particularly so in the units operating without 


C 


The cylinders and piston of this engine are lubricated by 
One feed from this pump leads to two or more points near the ends of the cylinder, feeding the oil direct to the 
The engine is externally lubricated from a combination filter and reservoir 
From this reservoir the oil is led to the various points to be lubricated. 
In the filter the oil passes through water and a number of baffles so as to remove 
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Courtesy of An 


s Tron Works 


a mechanical oil pump 


The excess and used oil is collected in the 


tailrods. © Where crankease splash is used 
and bulkheads are fitted with stuffing boxes, 
the same oil as is used in the crankcase should 


The 


use of cylinder oil in this box should be avoided, 


be used in the bulkhead stuffing boxes. 
particularly when compounded cylinder oils 
are used, as the compounding aids in forming 
the 
the bulkhead stuffing box oil feed is superfluous, 


emulsions in crankease oil. Ordinarily 
as the main function of the box is to act as a 
wiper to keep the light oil away from the hot 
evlinder head. 

Slide valves can be used on the smaller uni- 
flow units but Corliss and poppet valves are 
in the larger units the 
length of the cylinders and the consequent 
The 


and 


used ym account of 


distance between admission — ports. 

higher bearing pressure of the slide valve 
Corliss valve necessitates the application of 
The poppet valves, on 


fairly liberal feeds. 


the contrary, should obtain. oil for the lubrica- 
tion of the stems only in very limited quanti- 
ties, excessive oil having carbonizing tenden- 


cies and causing the valves to stick. 


Selection of Cylinder Oil 


In the selection of the proper grade of 
cylinder oil, viscosity should be considered 
first. The fact that the piston is out of sight 


and the action takes place under higher tem- 
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the 
application of the law which states that an 


perature conditions, does not eliminate 
oil should be used which gives practical and 
efficient lubrication with the lowest viscosity. 
In the light of conditions as described above 
and from experience, it is found that a medium 
hodied cylinder oil of 125” Saybolt 
Universal Viscosity at 210° F. is well suited 
for most units using dry saturated, throttle 


on-n" 
135 


25 |b., while for 
and this, 
oil of 150°—-160” Saybolt Universal Viscosity 
at 210 
Unless compounding in the oil is found ob- 


steam up to approximately 


pressures temperatures above an 


KF. has been found to be well adapted. 


jectionable from the standpoint of goods manu- 
factured or the use of the exhaust steam for 
other than manufacturing purposes, an oil is 
advised with some compounding, but not to 
exceed 87. 

The oil should be made from stocks that are 
of such a nature and are so refined as to resist 
the of alkaline to the 
vreatest extent. 

If the flash point and fire points were indi- 
cations of the carbonizing tendencies of the 


action boiler waters 


oil, as some engineers erroneously assume, 


these specifications would be particularly 


important in the selection of evlinder oil for 
use in the uniflow. However, since it is pos- 
sible for oils of comparatively low flash and 
fire points to withstand carbonization better 
oils somewhat higher 


than other having 


Hash and fire, these points lose much of their 
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importance to the engineer. The proper re- 
finement of good stocks is the main determi- 
nant of the carbonizing tendencies of the oil. 
The proper volatility of a cylinder oil is also 
of importance. If too volatile, consumption 
is increased while if not sufficiently volatile the 
oil may remain in contact with the hot condi- 
tions for such a length of time as to carbonize, 
especially if the oil is not properly refined. 
Due to the non-importance of cold test and 
gravity specifications, the man who buys on 
specifications can afford to be decidedly liberal 
in the range given on these items. 


Conclusions 


Naturally there is much to be added to the 
above relative to the special devices incorpo- 
rated in the design of the individual manu- 
facturers but since this article aims to discuss 
the general lubrication of the uniflow, the dis- 
cussion of special lubrication has been omitted. 
Where problems arise in connection with the 
lubrication of special devices, the designer 
or operator should request the co-operation of 
some reputable lubricating engineering § staff 
which has had broad experience in lubricating 
matters. This opportunity for co-operation 
should be used by the designer, manufacturer 
and operator of the uniflow that this type of 
engine may serve to its greatest advantage and 
continue to further, as it has in the past, the 
of through increased 


advance civilization 


economy. 





Fig. 8. 


Courtesy of Skinner Engine Co, 


Uniflow with center crank and floating piston 
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Accuracy in Viscosity Determinations 


N a modern routine oil testing laboratory 
samples are handled and passed down the 
line with much the same monotonous effi- 

ciency as is applied to hogs in a busy packing 
house. 

With hundreds of samples a day to deal 
with, there is no time for fancy work or per- 
The 
and must be done quickly and accurately. 
In fact, a 


tester, largely because of his original habit 


sonal initiative. work must be done, 


research worker makes a_ poor 
of thought and his natural averseness to speed. 

In routine testing, the thinking must be 
done beforehand, and every detail must be 
laid down in the cold and calculated language 
of the A. S. T. M. Methods of Test. In the 
up-to-date oil testing laboratory, measuring 
instruments such as thermometers, hydrome- 
ters, stop watches and graduates, B. 5. tubes 
and volumetric apparatus, must be checked 
for accuracy and rejected if found not to 
comply exactly More- 
over, the arrangement and set-up of the ap- 


with specifications. 
paratus of test must be carefully thought out 
with the end in view of facilitating rapid work 
and eliminating chances of error. 

One of the most important routine tests 


made on lubricating oils is the measurement 
Not only must the instrument 


of viscosity. 


be extremely accurate and well standardized, 
but the greatest care must be taken to eliminate 
personal errors and to be sure that the tem- 
The 


Saybolt tube itself is a fine example of precision 


perature conditions are exactly known. 


work and if carefully used will keep its original 
constant for a long time. The actual orifice 
is the weak spot, and can be damaged in two 
ways. In the first place, if the film of car- 
bonaceous matter, which is deposited on the 
walls of the orifice when running oils at 210° 
F., is not regularly removed by the careful 
use of a pipe cleaner and a suitable solvent, 
it becomes so hard that there is a temptation 
to use a metal reamer. This use of a reamer 
is absolutely fatal to the accuracy of the tube, 
as its diameter will be sensibly increased, in 
spite of the most painstaking precautions. 
Another way of damaging the orifice is not 
so well known as it should be. It is a practice 
with some testers to stir the oil in the Saybolt 
tube with a thermometer, and to allow it to 
remain in the tube if the temperature is not 
just right for running. The bulb rests on the 
upper edge of the orifice and the pressure of 
the hard 
soft metal causes it to burr over in a surpris- 


glass against the comparatively 


ingly short time, thus causing the tube to 


run high. This risk can be avoided by-placing 








Fig. 1.—View of constant temperature bath for Viscosity Measurements. 
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Fig. 2.— Diagram of 


at the bottom of the tube over the orifice an 
open mesh grid on which the bulb of the 
thermometer can rest. The presence of the 
grid has been shown to have absolutely no 
influence on the time of efflux of the oil. 

In the accurate measurement of viscosity, 
very great care must be taken to keep the 
temperature of both bath and sample at the 
specified points. The bath must always be 
at a higher temperature than the sample and 
the excess varies from 14° F. to 2° F., depend- 
ing on the actual temperature of the run, 
and whether the liquid in the bath is oil or 
water. The end in view is always to make 
sure that the temperature of the oil in the tube 
is that specified and that it remains constant 
throughout the run. Uncertainty on this point 
is one of the most fruitful causes of poor check- 
ing in viscosity determinations. 

As an example of the influence of tempera- 
ture on the viscosity of an oil, the following 
figures are quoted: 


Percentage Er 


Temp. of Viscosity Checks Mean ror Referred to 

Run Viscosity at 
100° F. 

97 334.38 335.0 $34.5 334.6 10°% High 

98 | $24.5 324.2 $23 3 324.0 6.6% High 

99 313.7 313.0 314.0 $13.6 3.1°% High 

100 304.3 304.3 304.3 Standard 

101 297 0 296.8 296 5 296.8 2 8°> Low 

102 288 5 287. 5 288 5 288 2 6% Low 

1038 280 5 281.0 280 0 280.5 7.9% Low 


From this table it is readily seen that in 


order to ascertain the viscosity of a 300 second 
oil to one second, the temperature measure- 
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counter operating mechanism. 


to 110° F. To 
obtain this accuracy a well-controlled thermo- 


ment must be accurate 


static bath is necessary. How this is more than 
accomplished in the laboratories of The Texas 
Company may be of interest to our readers. 

The water bath is of soapstone and has pro- 
vision for eight Saybolt tubes. A vigorous 
circulation is maintained by stirrers, and the 
temperature at all points in the bath is prac- 


tically the same. Heating is by General 
Electric immersion heaters. There are six 


of these units, each rated at 750 Watts and 
they are connected three in series, and then 
The combination is equivalent 
to an input of 500 Watts. A > thermostat 
of the expansion strip type controls the cur- 


paralleled. 


rent relay, and the heating current is either 
full on or full off. As contact points often 
stick, a vibrator is so attached as to periodically 
give a slight vibratory motion to the contact 
system. 

In order to determine the 
fluctuation of bath temperature, a test was 
This 


was read over a period of twenty minutes, 


maximum of 
made with a Beckmann thermometer. 


and the following readings were taken: 


Time Reading Time Reading 
0 1 665° C. ll 1. 675° C. 
1 1. 680 12 1 685 
2 1 675 13 1.670 
3 1 685 | 14 1 665 
4 1 685 } 15 1. 660 
5 1 665 | 16 1. 665 
6 1 675 17 1.660 
7 1. 680 18 1 660 
8 1. 680 } 19 1.685 
9 1 680 ] 20 1.680 
10 1. 660 z 








This test showed a maximum variation of 
1.685 — 1.660 = .025° C. or .045° F. 

As the Saybolt tubes can not take up quickly 
the temperature differences in the outside 
bath, the variation in temperature of the oil 
being tested is much less than that of the bath. 

Another great source of error lies in the 
measurement of time. Stop watches measure 
to 1/5 second, but they differ more than this 
amount and the personal factor may cause an 
error many times the supposed accuracy of the 
watch. Besides, stop watches get out of order 
and the error may not be detected. In order 
to eliminate as much as possible the personal 


and watch factors, in connection with the bath 




















Fig. $.—Counter, Solenoid, and relay system. 


a system of automatic counters has been found 
both accurate and convenient in actual prac- 
tice. Incidentally, as stop watches are done 


away with, a considerable expense for re- 
newals and repairs is also eliminated. 

The system derives its time from a Seth 
Thomas master clock, electrically driven. 
To the bottom of the pendulum is fitted a 
platinum wire and a trough of mercury so 
arranged that the platinum wire cuts through 
the meniscus. 

A circuit, containing a telegraph-type relay, 
dry cells, the pendulum contact, and the 
mercury trough is so hooked up as to give 


an impulse and close the relay contact every 
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second. This contact forms part of a circuit 
including as many counters as are desired. 
Each counter is operated by current picked up 
from the lighting circuit, and locally controlled 
The circuit ar- 

The 
stock 
“Veeder” counter, on the spindle of which is 
the 


groove lies a gut cord, which conveniently is a 


by a push button switch. 
rangements are as shown in the figure. 
device comprises a 


actual counting 


mounted a grooved) brass’ pulley. In 
violin E string. The lower end of the cord is 
attached to a soft iron plunger loosely fitting 
in the axis of a solenoid. 

In taking a viscosity the local push button 
is operated at the instant of pulling the cord. 
Each impulse of the main relay sends a shot 
of lighting current through the solenoid and 
jerks down the cord, thus adding up on the 
Veeder, the seconds ticked off on the master 


clock. When the oil the the 


operator pushes the button again, thus stop- 


reaches line 


ping the counter. The advantages are: 


1. The actual elapsed time is read 
in plain figures, and errors in reading 
or calculation of the result on a stop 
watch are avoided. 

2. The counter has the accuracy 
of the master clock, which itself is 
considerably more accurate than a 
stop watch. 

3. The expense for upkeep is lim- 
ited to less than a dozen dry cells 
a year, plus the cost of the operating 
current picked up from the lighting 
circuit. The latter is) very small 
and may be reckoned as equal to the 
power taken by one 50-watt lamp for 
an installation of 10 counters. 


The disadvantage of the that 
readings are only taken to one second; but 


system is 


when it is considered that this accuracy is all 
that generally is required in routine work and 
that the operator is sure of the reading, this 
disadvantage is more than offset by the ad- 


vantages. 





























Overalls 


, / MHERE is a story told of a Candidate for office (vou couldn't 
call him a Politician) who appeared before a gathering 





of factory hands. 
To show his **fdemocracy”’ he hid his fine clothes beneath 
a suit of brand new overalls. 
He thought that would please the crowd. 
Instead they laughed. They knew he was bluffing. 
But 
When there is OVERALL WORK to be done, that’s the time 


the man who ts accustomed to them wins. 
We know this to be true of Lubrication Engineers. 


For Texaco Lubrication Engineers are not swivel chair 
engineers. They are at home in overalls. 


They know their business in the They are made by men who have 
practical sense. When they tell you their feet on the ground, 
to use a certain Texaco Lubricant 
for a certain purpose, they KNOW 
that it will work—right. 


Ask us for a practical solution of 
any problem of lubrication—all en- 


gineers have them once in a while 


They have watched it work time and see for yourself how quickly 
and time again. Not from the side Texaco Service and Texaco Lubri- 
lines but) right alongside the man cants will banish the trouble. 


in overalls, whose job it is to keep a ah . . 

er ? J i I There is a Texaco Lubricant for 
the equipment de at the maxi- every peipese—ten poe aiiak: 
\ ‘apacity j » least cost. . . . . 
mum capacity for the least co shop, mill, mine, ship, railway, cen- 


Texaco recommendations are sound. tral stations—everywhere. 


THE TEXAS COMPANY 
Texaco Petroleum Products 
Dept. H, 17 Battery Place, New York City 
NEW YORK ‘° CHICAGO °* HOUSTON 
Office sin Principal Cities 
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Take along 
A TEXACO EASY POUR CAN 


and have good oil 
whenever you need it. 


THE TEXAS COMPANY 


Texaco Petroleum Products 
Dept. H, 17 Battery Place, New York City 
NEW YORK - CHICAGO - HOUSTON 
Offices uN Principal Cities 
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